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© High-surface-area compositions. 

© Polyaromatic fibers or microbeads which are swollen with 
solvent and crosslinked while swollen in such a way that the 
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microbead is stabilized and retained even after drying, exhibit 
high surface area and significant adsorptive capacity. 
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Description ^ 

HIGH-SURFACE-AREA COMPOSITIONS 

an^micX^ utS a°s 'T^ 0 *'™ ^ '° ^^^ce-area ^eric fibers 

mixSrmprPhfnr^T 0 "^ S0 ' id mat6rialS ^ eXhibit 5eiecU ^ at ,heir surface for substances in a 
rZlJ, ? y P w 9 3 meanS ° f se P aratin 9 such substances from the mixture. The high surface area 
characteristic of adsorbents (usually well above 5 m*/g of material) normally results from a fine particle s ze 

n ndTo° D U i am d p n?: emS) " ff0m POr6S ' n 3dSOrbent PartiCl6S (P ° r0US a ^orbents,. Carbon'bla T S 
and 2nO pigments are examples of non-porous adsorbents. Granular carbon, silica gel bone char certain 
sons and asbestos are examples of well-known porous adsorbents obtained Lm nTur^occv^a 
matenals. These surfer seriously from high moisture adsorption in hum,d atmospheres pow re^udbS 

Jo^nT^T:- ,ra 9 menta,ion durin 9 U se in cyclic processes, because ther n^KSi S 
broken by the h.gh osmotic pressure of adsorbed materials in their small pores 

hpVnnf P T a,l °H ° r PUrifi f ation of com P ,ex substances (such as pharmaceuticals) synthetic adsorbents have 
been developed, some of which serve also as ion exchange materials or as intermediates for the manufacture 

2« JZ ; H 9e n m ena,S K H0W6Ver ' i0n SXChange iS an abs0rption as wel1 as an adsorpLn phenomenon so 
that although all ,on exchange materials are adsorbents, the converse is> not necessar.lv true 

co DO tm y p n r rhi C n adSOrbentS 9enera " y arS P ° r0US P °' ymeriC S0,ids ' P^ystyrene and s.yrene-divinylbenzene 

y a l e d% b frh 9 n r ? reSematlVe , Alth0U9h * iS P ° SSible t0 Prepare s * nthetic P^" 1 ^ that are finely div ded 
or to grind such polymers to a fine particle size, to obtain high surface area fine particle s.ze adsorbents 
cannot be used in cyclic processes, particularly processes involving columns, since ,h S ! p icles oack too 
t.gh ly and .mpede flow. Moderately large adsorbent particles, from about 0.02 mm to 2 mrr i dtam e o t r 
are therefore required. Polymeric beads, obtained by known suspension polymerization technSue have 
convenient particle size for use in columnar operations. While the polymeric adsTbents can be made 
hydrophobe and the bead form makes them more useful, their adsorbent properties have been ^° ,i mj ted for 
the adsorbents to compete effective* with the carbonaceous adsorbents' obtained by pyro'ziS ?i Quanta 

nr«p C nt°«nl adSOr t ben K form descrlbed in US-A-4.263,407. which is hereby incorporated into the 

arom L ZZZlTJ" feferenCe - Th6y ^ Pr ° dUCed by SWellina 3 liQht, y crossLked. macroreticu ar 
aromatic polymer bead in an inert organic solvent, and then post-crosslinking the swollen beads with an 
external crosslinker. These adsorbents are called "macronets" because the crosslinks are stable and hL a 
long and ngid structure which allows the polymer to retain the displacement of the chahs o signmcant 

S J?i S^foTef; T dUrin9 S °' Vent SWe,lin9 - SVen 3fter the S0,vent has been^mo'd 

nn l S w h " ar bead materials ' but employing more highly crosslinked resins. 

rrn«nn? a H fl 3 °ne-step preparation of high-surface-area, sulfonic acid resin beads from lightly 

crosslinked. suspens.on-polymerized polystyrene beads by chloromethylation and sulfonation in the presence 
of a swelling solvent; the resulting beads appear to be macronet beads presence 

carbon? T.l Shf ' advantage u s over conventional adsorbents like carbon filaments or granular, activated 
ZtecL 2^2 h ? or ° therwis e Pressed into cloth or other textile materials for making garments 

JS^s^.JJr'^ 8 ; PUrifiCati ° n SySt6mS - and the like - The *' and ^polymeric 

ad p hor ! k t f t0 regenerate and less sensitiv * to high humidity than activated carbons 
Fibers, by their small diameter, provide relatively high surface areas, and chemically modified 

ffiT£? UM ' d ?l ar ^ n ° Wr1, 33 f ° r eXamP ' e th ° Se ° f Y ° Shi0ka 6t al - Bul1 - Chem - Soc - Japan 56 3726 
Kudina ^ ^ "* C ° mP ° SiteS ° f 3 polymer' matrix and 

longitudinal fibrils of alpha-olef.n polymer imbedded in the matrix. The references teach treatment of the 

2Tn"T 9 rlZ e of the fibers 10 attach functional groups such as su,,onic •^T^to* 

su^ll^il^ 617 di l C ' 0SeS treati " 9 Pnenol-formaldehyde polymer fibers with alkylating reagents 
IrtLrl f™* 0 ™**?*?* m ac,d,c media, a reaction which the above Yoshioka and Kokai 77-120986 use to 
prepare the surface for functionalization. In Kokai 75-145617 this reaction is followed by a mild pyrolysis in an 

the surface area of the fibers to at least 10 m2/g and as much as 400 m 2/g 

17!?, ? PPf ? Ch ! ° POfOUS fibefS is disclosed b V Sruta et al.. Chemicke Vlakna . 1986. 36. No 3 pages 

fibers as a Ju ^ltT- T°T P ° r0US P ° lyeSter fiberS formed when calcium carbonate, spun into the 
riDers as a delustrant. is dissolved with acid. 

the W f e orm V oM^ 0 r?n ed 3 Pr ° CeSS ' 0r increasin 9 the surface a «* of crosslinked poly(vinylaromatic) polymers in 
weWn TaoVnf ZIZ e H mu,s,on -P o| y mer ^ d particles, which process comprises swelling the polymer in a 
formation T» Z^r ^ ti&Me Friede, - Cra «s "t^sts and which does not interfere with the 

SO staS™ f Lo^ s«uZT e - SUbSequemly in,r0ducing addi,ional croslinking mto the polymer to 

DoM^inviioTL^^ conver,ed t0 macrone t structures in the process of the invention are 
rina substi uted £ TTH'?' ^ poi ^ rs ^ POly(alpha-methy.styrene) and polymers of styrene 

nng substituted by 1-3 alkyl groups of 1-3 carbon atoms each. Minor amounts, i.e. less than 50Q/o by weight of 
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other monoethylenically unsaturated monomers caDable of copolymerizing with the aromatic monomer may 
be copolyerized with it. A particularly preferred polymer is a heterogeneous polymeric fiber comprising a 
matrix of the polyaromatic polymer described above, optionally blended with another polymer, preferably a 
polyolefin. and imbedded longitudinally therein filaments of a second polymer phase, the second paymer 
being preferably a polyolefin and more preferably polypropylene or polybutenes such as poly(butene-1 ) or 
poly(3-methyl-1-butene). The diameter of the imbedded filaments may range from about 1 to about 10um. The 
polymer may be formed into fibers using conventional processes such as the melt spinning process described 
by Yoshioka et al .. Bull. Chem. Soc. Japan , Vol. 56. page 3726 (1983). 

Another preferred polymer is an emulsion polymerized poly(vinylaromatic) polymer as described above, in 
the form of a particle in the diameter range from about 0.01 to about 1 urn. Such particles are referred to herein 
as microbeads. and may be prepared according to emulsion or latex polymerization procedures that are well 
known in the art. such as those of US-A-4,200.695. Forming the macronet structure in such particles increases 
their size significantly above the size of the original polymer particle. 

Preferred swelling agents have a boiling point above about 50° C at atmospheric pressure, although lower 
boiling solvents may be used at higher pressures and temperatures above about 50° C. Suitable swelling 
agents which meet these criteria may readily be selected by one skilled in the art from among aromatic 
hydrocarbons, halogenated hydrocarbons, nitroparaffins. nitroaromatic compounds, ring-halogenated 
aromatic compounds, aliphatic hydrocarbons of about six or more carbon atoms, and carbon disulfide. 

Also suitable but less preferred as swelling agents are aliphatic and aromatic ethers of five or more carbon 
atoms. Swelling agents which participate in the crosslinking reaction are contemplated within the scope of the 
invention, so long as they do not interfere with the reaction. Such participating swelling agents are at least 
difunctional. examples are aliphatic 1.2-dihalo materials and side-chain chlorinated diafkylaryl hydrocarbons. 
Mixtures of the useful swelling agents may also be used. 

Examples of suitable swelling agents selected from the above groups include toluene, xylene, 
chlorobenzene. styrene monomer, ethylene dichloride, propylene dichloride and alpha, alpha-dichloro- 
p-xy(ene. 

The stabilizing crosslinks. Le., the long, rigid crosslinks that stabilize the expanded, or macronet. structure 
of the polymer, may either be formed by adding a crosslinking reagent to the swollen polymer, or by adding a 
crosslink-promoting catalyst to a swollen polymer which contains active crosslink sites. 

The matrix polymer of the fibers and the emulsion polymer do not normally contain a significant number of 
active crosslinking sites unless a monomer containing active sites is employed, such as vinylbenzyl chloride, 
or unless it is treated further. A preferred treatment for introducing active crosslinking sites is haloalkylation. In 
this treatment a haloalkylating reagent such as methyl chloromethyl ether is allowed to react with the polymer 
to introduce haloalkyl groups which act as active crosslinking sites. 

The catalysts useful for promoting the crosslinking reaction include the Friedel-Crafts catalysts, preferably 
Lewis acids such as ferric chloride, stannic chloride, aluminum trichloride, aluminum tribromide. boron 
trifluoride and zinc dichloride. The preferred Lewis acid is ferric chloride. 

The catalyst, optionally as a solution, is allowed to contact the swollen polymer containing the active 
crosslinking sites, preferably at a temperature of from about 15°C to about 100X, and allowed to react for 
from about two hours to about 24 hours at a temperature from about 15 fl C to about 150°C. preferably from 
about 85° C to about 105' C, to produce the macronet structures of the invention. 

In the absence of active crosslinking sites, the swollen matrix polymer or the emulsion polymer may also be 
crosslinked to form the macronet fibers or microbeads of the present invention by reacting it with a 
crosslinking reagent, as mentioned above. The crosslinking reagent is an acylating or alkylating agent, which 
includes the haloalkylating reagents useful for introducing active sites. Other haloalkylating reagents may be 
used, such as alpha.alpha-dichloro-p-xylene, dichloromethane, bis(4,4'-chloromethyl) biphenyl, bis(chloro- 
methyl)thiophene. 1.4-dichloro-hexane, 1,4-dichlorobutane, chloroform and carbon tetrachloride. Other 
alkylating reagents such as polyols and polyolefins may also be used, for example, alkylene glycols such as 
ethylene glycol and propylene glycol, diepoxides and polybutadienes. The alkylating agent may contain 
aromatic groups, provided the atoms of the alkylating agent which bond to the polymer are aliphatic carbon 
atoms. The alkylating agent may also be paraldehyde, formaldehyde or a formaldehyde generator in the 
presence of a strong acid such as sulfuric acid. 

Difunctional acylating agents are also suitable for introducing active crosslinking sites; these agents are 
preferably aromatic, but may include aliphatic compounds. The preferred acylating agents are diacid chlorides, 
as for example fumaryl dichloride. maleyl dichloride, malonyl dichloride. oxalyl chloride, succinyl dichloride. 
adipyl dichloride and sebacyl dichloride. In the case of aromatic diacid chlorides the carbonyl groups must be 
separated by at least one carbon atom; suitable aromatic diacid chlorides include terephthaloyl chloride and 
isophthaloyl chloride, but not orthophthaloyl chloride (the carbonyl groups of which are not separated by at 
least one carbon atom) because it tends to form anthraquinone rings which in turn participate in redox 
reactions. Further suitable diacid chlorides include the 1,4-, 1.5-and 1.6-naphthoyl dichlorides and 
anthracene-1 .5- and 1 .9-diacid chlorides. Other suitable acylating agents include phosgene and thiophosgene. 
Other agents may act as crosslinkers. as for example sulfur halides such as sulfur monochloride. sulfur 
dichloride. and the corresponding sulfur bromides. The crosslinking reagent is allowed to react with the 
swollen polymer at a temperature of from about 15' C to about 150 l 'C for from about two to about 24 hours. 

Either process for forming the macronet crosslinks may occur in the presence of low-molecular weight 
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C °x h P f I 3 ,™"' 3 , ! U . Ch 35 a| P h a-a«Pha-<lichloro-p.xylene. trivinylbenzene and terephthaloyl dichloride 
The macronet fibers and emulsion polymer particles of the invention possess a high surface area as 

measured by nitrogen adsorption (BET). They have high adsorptive capacity for gases ar.d vapors They may 
S ^o^ir'p 6d W f h Ch , emiCa " y aCtive ,unctional AW to •""•nc. selectivity ofadsorbates.or to react 2 
5 adsorbates. Examples of such groups include sulfonic acid groups, dimethylaminomethyl groups, quaternized 

Te lZ^TTTZT 9 , 5 3nd ° Xime 9r0UpS - They can provide an adsor P' ive Wter med'um which has 
and filter flogging ° 3 Peculate adsorbers while avoiding the problems of high pressure drop 

The following examples illustrate the invention. All proportions are by weight unless otherwise stated and all 
to reagents are of good commercial quality unless otherwise stated. 



EXAMPLE 1 
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This example illustrates the preparation of the preferred, non-homogeneous, polypropylene-in-polystvrene 
polymer and fibers from that polymer. Th,s preparation is described in the Yoshioka reference cited above and 
is believed to be the procedure by which the fiber samples used in the following examples were prepared the 
actual fiber samples were obtained from Toray Industries. Sonoyama Otsu 520 Japan prepare - the 
I™!!*™ p ^ pro , pylene laments are melt spun at 255' C within a matrix fiber of polystyrene blended with 
20o/o by weight polypropylene: the weight ratio of polypropylene filaments to matrix polymer is 1 1 The fiblr s 
drawn to five t.mes its original length, to form a fiber 24 urn in diameter and containing 16 filaments of 
polypropylene, each 4.2 urn in diameter, embedded within the polystyrene-polypropylene matrix 

?^tZT,l th ll e T tm ? fibSr , S iS ' i9h,ly cross,inked usi "S a soluti ° n of 50/o by weight paraformaldehyde. 
250/o by weight glacial acet.c acid and 700/o by weight concentrated sulfuric acid: a second portion is hiqhlv 
crosslinked using a similar reagent, and a third portion is uncrosslinked 

The three samples of fiber prepared according to the procedure above were tested for surface area by BET 
(using a Quantasorb Surface Area Analyzer and dried samples), and for elemental analysis; the following 



Fiber Sample 


Crosslinking 


Surface Area 
(m2/g) 


C 


Elemental Analysis -(0/o) 
H O 


CI 


A 


None 


<1 


88.17 


10.95 






B 


Light 


<1 


86.31 


10.71 


1.47 




C 


High 


<1 


87.71 


10.61 


0.08 





EXAMPLE 2 



This example illustrates chloromethylation of the fibers of Example 1 to produce fibers having active 
crosslinking sites. For each of the crosslinked, heterogeneous fibers of Example 1, a 10 g sample was added 
to 80 ml methyl chloromethyl ether at ambient temperature, and the mixture was stirred for one hour A 
solution of 9.4 ml stannic chloride in 10 ml methyl chloromethyl ether was added to the mixture over a period of 
15 minutes while maintaining the temperature at 25-30° C, the low temperature being selected to minimize 
secondary crosslinking. When the addition was complete the mixture was held at 30 C C for 4 5 hours then 
h , 6 ,« ? C> and 125 ml water was added over a P eriod of 30 minutes while maintaining the temperature 
below 35 C, to quench the reaction. The solution was stirred for an additional 30 minutes, the fibers were 
filtered, and a wash step of resuspending in 100 ml deionized water, stirring for 30 minutes and refilterinq was 
repeated twice. The fibers were then air dried for one hour and dried in a vacuum oven overnight at 50-60° C 
This procedure yielded 19.1 g of chloromethylated fiber containing 66.90/0 solids. Elemental analysis of the 
iber showed 73.0% carbon. 8.96<Vb hydrogen and 17.3% chlorine. The suface area of the chloromethylated 
55 fiber, measured by BET. was less than 1 m 2 /g. 



60 



EXAMPLE 3 



This example illustrates forming a macronet fiber from the chloromethylated fiber of Example 2 A 0 67 g 
sample of the fiber from Example 2 was transferred to a 100 ml. 3-neck flask fitted with reflux condenser and 
magnetic stirrer: 50 ml ethylene dichloride were added and the mixture was stirred for two hours to swell the 
pc . ymer. To the mixture 0.5 ml stannic chloride was added, and the mixture was heated to reflux and allowed to 

1hh UX ,° UrS ' m ' XtUre Was ailowed 10 C001 10 room temperature, and the reaction was quenched by 

65 adding 100 ml acetone. The acetone was decanted from the fibers, which were washed once with another 100 
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ml of acetone and twice with 100 mt portions of water, the wash liquid being decanted from tho fibers after 
each wash. The fibers were filtered and then allowed to air dry for one hour. The air-dried fibers were dried 
under vacuum at 50 -60" C overnight. 



EXAMPLES 4-24 



The procedure of Example 3 was repeated, varying the starting fiber, the type and amount of the 
Friedel-Crafts catalyst and the solvent. Stannic chloride, aluminum chloride and ferric chloride were employed 
at mole ratios of fiber to catalyst ranging from 1.1:1 to 37:1, and solvents used were ethylene dichloride or 
dichloromethane: in Examples 13 and 14, 3.7 millimoles para-dichloroxylene was also present. 

The fibers used were prepared according to Example 1 , except that initial crosslinking of the fiber was either 
high or low. The resulting macronet fibers were examined for appearance and tested for surface area by BET; 
the results for these examples are shown in Table 1. 

TABLE I 



Dm 


Polymer 


Catalyst 


Ratio* 


Solvent 


Fiber 


Surface Area 


Jo. 


Crosslinking 
(mmol) 


(mmol) 






Appearance 


by BET m 2 /g 


3 


High(5.8) 


SnCU(4.3) 


1.3 


EDC 


Good 


247 


4 


Low(5.8) 


SnCU(4.3) 


1.3 


EDC 


Good 


172 


5 


High(12.5) 


SnCU(8.5) 


1.5 


EDC 


Good 


246 


6 


Low(12.5) 


SnCU(8.5) 


1.5 


EDC 


Good 


186 


7 


High(9.6) 


AICI 3 (8.6) 


1.1 


EDC 


Poor 




8 


Low(9.6) 


AICI 3 (8.6) 


1.1 


EDC 


Poor/Good 


339 


9 


High(9.6) 


AICI 3 (3.5) 


2.7 


EDC 




311 


10 


Low(9.6) 


AICI 3 (3.5) 


2.7 


EDC 


Good 


<10 


11 


High(9.6) 


SnCU(6.4) 


1.5 


MC 


Good 


<10 


12 


Low(9.6) 


SnCU(6.4) 


1.5 


MC 


Good 


<10 


13 


High(9.6) 


SnCI 4 (6.4) 


1.5 


EDC" 


Excellent 


194 


14 


Low(9.6) 


SnCU(6.4) 


1.5 


EDC" 


Good 


183 


15 


High(25.5) 


SnCU(17.1) 


1.5 


MC 


Good 


<10 


16 


Low(25.5) 


SnCU(17.1) 


1.5 


MC 


Good 


<10 


17 


High(25.8) 


SnCI 4 (17.1) 


1.5 


EDC 


Excellent 


304 


18 


Low(25.8) 


SnCU(17.1) 


1.5 


EDC 


Good 


283 


19 


High(25.5) 


AICI 3 (13.9) 


1.8 


EDC 


Poor 


426 


20 


Low(25.5) 


AICI 3 (13.9) 


1.8 


EDC 


Poor 


586 


21 


High(25.5) 


AICI 3 (6.9) 


3.7 


EDC 


Good 


355 


22 


Low(25.5) 


AICI 3 (6.9) . . 


3.7 


EDC 


Good 


642 


23 


High(25.0) 


FeCI 3 (15.1) 


1.6 


EDC 


Excellent 


440 


24 


Low(25.0) 


FeCI 3 (15.1) 


1.6 


EDC 


Excellent 


317 



EDC = Ethylene Dichloride 

MC = Dichloromethane 

•Ratio = (mmol fiber/mmol catalyst) 

'* PDX = Paradichloroxylene (3.7 mmol also present) 
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EXAMPLE 25 55 

This example illustrates forming a macronet fiber from fiber which does not have active crosslinking sites, by 
treating the fiber with a crosslinking reagent. A 15 g sample of crosslinked fiber prepared according to 
Example 1 was placed in a 1 liter flask, equipped with a reflux condenser and containing 300 ml ethylene 
dichloride and 4.5 g paraformaldehyde. The mixture was stirred for one hour, and 50 ml of concentrated 60 
sulfuric acid was added to it. The mixture was heated to reflux temperature and refluxed overnight. The mixture 
was allowed to cool and the reaction was quenched by adding 100 ml deionized water. The fibers were filtered, 
washed twice with 100 ml deionized water and twice with 100 ml methanol, and vacuum dried overnight at 
50-6O"C. 
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EXAMPLES 26-32 

crl^ZTr* 1 ,f X r P . 25 W3S repea,Sd USinQ the S3me MberS - fibers wi,h '° w crosslinking and no 
crosshnk.ng. and felted and woven fibers. The fiber products of Examples 25-32 were examined for 
appearance and tested for surface area by BET. The results of the tests are shown in Table II 



TABLE II 



10 


Sample from 
Example No. 


Fiber of Example 
No. 


Polymer 
Crosslinking 


Fiber Appearance 




25 


1-C 


High 


Good 




26 


1-B 


Low 


Good 


15 


27 


1-C 


High 


Excellent 




28 


1-B 


Low 


Excellent 




29 


1-C 


Felted 






30 


1-C 


Woven 




20 


31 


1-A 


Uncrosslinked 




32 


1-A 


Uncrosslinked 





Surface Area by 
BET m 2 /g 



215 
352 



38 
< 10 
<10 
362 



25 



30 



EXAMPLE 33 

This example illustrates forming macronet fibers from pure polystyrene fibers. The starting fibers we^e 
highly crossl.nked polystyrene with a surface area of less than one square meter per gram by BET obtained 
from Engineering Yarns, Coventry. Rhode Island. ' 0Dlainea 

nrtltf?" Trf 7 9 ' 3CiaI acetic acid < 2 9 Paraformaldehyde and 110 ml concentrated sulfuric acid was 
Zn J ? Sk # T P 0 Ped With 3 feflUX condenser - A 2 9 sample of the polystyrene fiber was addea 
and the mixture was heated to 80« C, held at that temperature for two hours, and cooled to room temperature 
A suspension of 1 g paraformaldehyde in 200 ml ethylene- dichloride was added, the mixture was stirred one 
?ho r , 3 a r ,°° m e T rature t0 swefi the fibers - t^n heated to reflux temperature and allowed to reflux overnight 

w a l?^ C °, S ° ,Vent W3S SyPh ° ned 0ft and the fiberS were washed twice with 100 mi 

^ 25 r t? !f aC9t0ne WaSh6S ° f 100 m ' 6aCh - The Washed fibers were dried ^ vacuum overnight 
at ou - bU c. The surface area of the fibers, measured by BET, was 23 m 2 /g. 



40 



EXAMPLE 34 

F*Im i ^ ^ EXa 2 T P ' e 33 WaS re P eated " The surface are *< measured by BET, of the macronet fiber from 
example 34 was 40 m z /g. 
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EXAMPLES 35-40 

These comparative examples illustrate that mere addition of a Lewis acid catalyst to swollen fibers that do 
p n l C r ° nta ' naCt ' V ! C :? ss '| nkin 9 sit *s does not form macronet fibers. The fibers of Example 1 were swollen in 
either ethylene d.chlonde or dichloromethane, and a Lewis acid catalyst was added according to the 
procedure of Example 3. The mixtures were refluxed overnight, and isolated for testing according to Example 
3Jhe fibers, catalysts and solvents for these examples are tabulated in Table III; the surface area of each 
material after treatment was less than 10 m 2/g. indicating that no macronet structure had formed 



Example 



Fiber Crosslinking 



TABLE III 
Catalyst 



Solvent Surface Area by 
BET m 2 /g 



35 


Low 


AICI3 


MC 


36 


High 


AICI3 


MC 


37 


Low 


SnCU 


EDC 


38 


High 


SnCU 


EDC 


39 


Low 


AICI3 


EDC 


40 


High 


AICI3 


EDC 



<10 
<10 
<10 
<10 
<10 
<10 
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EXAMPLES 41-42 



These comparative examples illustrate that reaction of chlorosulfonated fibers with a Lewis acid does not 
for™ macronet fiber. A flask was equipped with a heater and nitrogen blanket. To this 300 m propylene 
dichloride and 10 g of fiber from Example 1B (for Example 41) or ethylene dichloride and 10 g of fiberfrom 
Example 1C (for Example 42) as a swelling solvent were added. The mixture was stirred for 1 hour and 20 g 
chlorosulfonic acid was added. The mixture was heated to reflux (Example 41). or to 120 C (Example 42). and 
maintained at that temperature overnight. The mixture was cooled, the chlorosulfonic ac.d was removed by 
suction and the chlorosulfonated fibers were washed twice with 500 ml of the same solvent in which they were 
swollen and three times with 500 ml of methanol. A 5.5 ml portion of stannic chloride was added to the 
chlorosulfonated fibers, the mixture was heated to 80- C. maintained at that temperature overnight then 
isolated by washing and filtration. The fiber was dried under vacuum overnight at 50 - 60 C and was tested for 
surface area. Neither sample showed a significant enhancement in surface area. 



EXAMPLE 43 



This comparative example illustrates that amination of chlorosulfonated fibers does not form a macronet 
fiber A solution of 500 ml ethylene dichloride and 6-7 g triethylenediamine was prepared in a 1 liter flask 
equipped with a reflux condenser. To this was added 8 g of the chlorosulfonated fibers of Example 2. The 
mixture was stirred for one hour, heated to reflux, and refluxed overnight. The mixture was cooled ano the 
fibers were filtered, washed with three 300 ml portions of ethylene dichloride. and dried under vacuum 
overnight at 50 - 60' C. Only a small weight increase was observed, and the surface area of the fibers was not 
significantly increased. 



EXAMPLE 44 



This example shows the dynamic adsorption capacity for some of the macronet fibers from the previous 
examples Dynamic adsorption capacity was measured by passing an air stream containing a known 
concentration of vapor through a column containing the macronet fiber adsorbent, and measuring .he 
concentration of vapor in the effluent air stream using a gas chromatograph with an appropriate detector. 

The vapor-containing stream was produced by passing a stream of dry air through a closed container 
containing the liquid whose vapors are to be adsorbed. The vapor concentration thus produced was 
determined by passing a known volume of the air-vapor mixture through a tared, act.vated carbon column 
larqe enough to completely adsorb all the vapor. The activated carbon column was weighed after the m.xture 
had passed through it, to determine the total weight of vapor in the known volume of air. 

The exception to the foregoing procedure for determining vapor concentration was the case of a humid 
vapor-air mixture of diisopropyl fluorophosphate. This air-vapor mixture was passed through a sodium 
hydroxide solution which scrubbed all the diisopropyl fluorophosphate from the mixture and the total 
fluorophosphate concentration was calculated from the measured fluoride content of the sodium hydrox.de 
scrubbing solution, as determined by fluoride ion electrode. .... 

The vapors adsorbed in this example are simulants of toxic agents: d.methyl methylphosphonate (DMMP). 
diisoDroovl fluorophosphate (DFP) and 2-chloroethyl isobutyl sulfide (CIS). 

ThS adsorbent fibers were placed in a 3 mm diameter, glass column closed at the bottom end with a coarse 
sintered disk; the fiber sample was 50-100 mg, as indicated in Table IV. The air-vapor mixture was passed 
through the column at a flow rate of 40-75 ml/minute, equivalent to a linear flow rate o '9- 17 cm/sec. The 
effluent from the column was split: a portion of it passed through a Hewlett-Packard Model 5880 gas 
chromatograph equipped with a flame ionization detector or nitrogen-phosphorus detector, as appropriate for 
?he particular vapor and the balance of the effluent was scrubbed through a bubble column containing 4<Vo 
aqueous sodium hydroxide and was vented to a hood. «., aam 
Breakthrough, defined as the time at which the concentration of the challenge vapor in the effluent stream 
reaches 1<W> of that in the influent stream, as determined from the gas chromatograph. Detector sensitivity was 
approximately 1 microgram/liter for DMMP and DFP. and approximately 10 micrograms/l.ter for CIS. The 
results of this example are shown in Table IV. 



TABLE IV 



Sample from 
Example No. 


Samole Wpinht (n\ 


Vapor 
Concentration 


Breakthrough 






(mg/liter) 


Time (min) 


Capacity (mg/g) 


3 


0.0603 


2 23fDFPl 


< 3 


<8.3 


3* 


0.0700 




< 5 


< 16 


3* 


0.0781 


2 OlfDFPl 


<3 


<5.8 


1-C 


0.0724 


2 9710FP) 

W • r 1 III 


< o 


<9.2 


5 


0.0616 


2 40fDFP1 


I JU 


460 


6 


0.0690 


2.40(DFP) 


1 ou 


391 


5 


0.0530 


2.38(DFP) 


79 


242 


6 


0.0580 


2.38(DFP) 


00 


169 


17 


0.0939 


1.75(DFP) 


c.1 O 


260 


22 


0.0337 


i - UU\ Urr) 




443 


23 


0.0730 




215 


218 


5 


0.0650 


2.60(DMMP) 


109 


327 


6 


0.0640 


2.60(DMMP) 


100 


304 


5 


0.0509 


1.53(CIS) 


93 


210 


6 


0.0469 


1.53(CIS) 


46 


112 



* Repeat preparations of Example 3. 



EXAMPLES 45 - 46 

These examples illustrate crosslinking swollen polymers containing active crosslinking sites - sulfuric acid is 
the catalyst for crosslinking. The resulting fibers contain sulfonic acid cation exchange functionality 

Five grams each of the fiber of Example 1A and 1B t chloromethylated according to the procedure of 
Example 2. were swollen in 300 ml of ethylene dichloride for two hours. To each fiber sample 50 ml of 
concentrated sulfuric acid was added, and the mixtures were heated to, and held at the followina 
temperatures for the following times: ' 



40° C - 
50° C - 
60° C - 
70° C - 
85° C (reflux) 



one hour 
one hour 
one hour 
one hour 
six hours 



The mixtures were cooled to about 70° C and the reaction was quenched by adding to each 125 ml of 60o/ 0 
aqueous sulfuric acid. The ethylene dichloride was evaporated under reduced pressure, the solutions were 
cooled to approximately room temperature and poured into fritted glass funnels. The treated fibers were 
washed three times with 250 - 300 ml of deionized water and three times with 250 - 300 ml of methanol and 
were dried under vacuum overnight at 50 - 60° C. The dried fibers and untreated control fibers were tested 
for sulfur content, surface area by BET, and for their ability to adsorb diisopropyl fluorophosphate 
Breakthrough time and capacity were determined as in Example 44. The results of these tests are shown in 
Table V. 



Sample 

1A 

Example 45 
1B 

Example 46 



Sulfur o/o 

5.01 
4.87 



TABLE V 

Surface area m 2 /g Breakthrough Time Capacity (mg/q) 

(min) 



5 
58 

3 
49 



<3 
91 ±27 
<3 
46 ±7 



202 ±45 
1 1 2 ± 40 
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EXAMPLE 47 

This example illustrates the preparation of macronet fine particles from lightly crosslinked, chloromethy- 
lated. emulsion polymerized copolymer particles. 

To a 500 ml flask fitted with a mechanical stirrer, reflux condenser vented through a water scrubber, 
thermometer and heating mantle was charged 10.0 g of dry, chloromethylated, styrene-1.8% divinylbenzene 
emulsion polymer particles having an average particle diameter of about 0.1 urn and prepared according to 
Chong, U.S. Patent No. 4.359,537. Example 5, but dried after the initial wash and not treated with the imine or 
amine. To this 150 ml of technical-grade ethylene dichloride was added, and the mixture was allowed to stand 
overnight to swell the polymer. To the swollen polymer mixture was added 13.3 g of technical-grade aluminum 
chloride; the mixture was heated to reflux, and allowed to reflux overnight. The mixture was then cooled and 
the reaction quenched by adding, dropwise. 220 ml of acetone. The solid material was separated by filtration in 
a Buchner funnel; it was washed twice with acetone, twice with 3A denatured ethanol, with deionized water 
until the washings were neutral, and twice more with 3A denatured ethanol. The solid material was soxhiet 
extracted with 3A denatured ethanol for 5 hours, then dried under vacuum at 50° C overnight. The resulting 
macronet polymer material had a surface area (BET) of 674 m 2 /g. 



EXAMPLE 48 

This example illustrates the preparation of macronet fine particles from lightly crosslinked. unfunctionalized, 
emulsion polymerized copolymer particles. 

To a flask as described in Example 47 was charged 10.0 g (dry basis) of styrene-1.8<Vo divinylbenzene 
emulsion polymer particles having an average particle diameter of 0.1 jim and prepared according to 
US-A-4.359.537. Example 1. To this 180 ml of technical-grade dichloromethane was added, and the mixture 
was allowed to stand for three hours to swell the polymer. To the swollen polymer mixture was added 20.0 g of 
technical-grade aluminum chloride; the mixture was heated to reflux and allowed to reflux for 18 hours. The 
mixture was then cooled and the reaction quenched by adding, dropwise, 250 ml of acetone. The solid material 
was separated, purified and dried according to the procedure of Example 47. The resulting macronet polymer 
material had a surface area (BET) of 546 m 2 /g. 



EXAMPLE 49 

This example illustrates the preparation of macronet fine particles from lightly crosslinked, unfunctionalized. 
emulsion polymerized copolymer particles. 

To a flask equipped as described in Example 47 was charged 10.0 g (dry basis) of styrene-0.5°/o 
divinylbenzene emulsion polymer particles having an average particle diameter of about 0.1 urn and prepared 
according to US-A-4,359,537, Example 1. 

To this 200 ml of technical-grade dichloromethane was added and the mixture was allowed to stand 
overnight to swell the polymer. To the swollen polymer was added 20.0 g of technical-grade aluminum chloride ; 
the mixture was heated to reflux and allowed to reflux for 20 hours. The mixture was then cooled and the 
reaction quenched by adding, dropwise, 150 ml of acetone. The solid material was, separated, purified and 
dried according to the procedure of Example 47. The resulting macronet polymer material had a surface area 
(BET) of 818 m2/g. 



EXAMPLE 50 

This example illustrates crosslinking of lightly crosslinked, chloromethylated. emulsion polymerized 
copolymer particles following a brief swelling of the particles in a solvent, to form the macronet particles of the 
invention. 

To a 300 ml flask equipped as described in Example 47 was charged 5.0 g of the chloromethylated 
styrene-1.8o/o divinylbenzene emulsion polymer particles used in Example 47. To this 40 ml of ethylene 
dichloride was added. The mixture was stirred for three minutes at room temperature, then 3.9 ml stannic 
chloride was added in a single portion; the mixture was heated to reflux and allowed to reflux overnight. The 
mixture was then cooled and the reaction quenched by adding, dropwise, 30 ml of acetone. The solid material 
was separated, purified and dried according to the procedure of Example 47. The resulting polymer material 
had a surface area (BET) of 704 m 2 /g and a porosity (mercury intrusion) of 1.49 ml/g. 



EXAMPLE 51 

This example illustrates preparation of macronet fine particles from chloromethylated. emulsion polymerized 
copolymer particles, and the use of these particles for adsorption of a toxic-gas simulant. 
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Vore polymer fiber and wherein a plurality of fibers of polyolefin. preferably polypropylene or polybutene. are 

with imbedded longitudinally in the matrix fiber. 

^red 14. The polymer of any of Claims 1 1 to 13, chemically functionalized for adsorptive. organic-reactive or 

ion exchange functionality. 

was 15. The use of a polymer of any of Claims 11 to 14 as an adsorbent or ion exchange material. 5 
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